Introduction
Otitis media with effusion (OME) presents in approximately 20% of children younger than 5 years, and subsequently decreases with age. 1, 2 In addition to age, eustachian tube dysfunction (ETD) and craniofacial abnormalities are known risk factors for the develop-Hawley, VacHHani, anne As no studies have assessed data obtained from LNPR, we focused a literature review on those that investigated cephalograms in children with and without middle ear disease. Measurements (both lengths and angles) from prior radiographic studies found to be statistically significant between study patients and controls were then used for the analysis in this study. The primary objective of this study was to identify measurements easily obtained on LNPR that may predict ETD. Secondarily, we aimed to arrive at a combination of measurements or relationships that may predict ETD.
Patients and methods
The study was approved under an expedited review by the Institutional Review Board. This is a retrospective case-control study comparing radiologic data of children younger than 10 years requiring PET placement to data of children with healthy ears. Measurements in previous studies found to be significantly different between children with and without middle ear disease were analyzed.
Clinical design. A retrospective chart review from 2005 to 2011 was performed to include patients younger than 10 years who had undergone PET placement and an LNPR. The LNPR must have been performed within 6 months of the patient's surgery. Children with craniofacial abnormalities were excluded. Indication for PET placement must have been well documented in the chart: at least 3 episodes of acute otitis media over 6 months or at least 4 episodes over 1 year, or chronic serous otitis media, defined as a bilateral episode lasting 3 months.
To obtain age-matched controls, the charts of the remaining patients (<10 years old) who had undergone an LNPR were placed into a data spreadsheet, a sample was selected at random, and their charts were reviewed. Sufficient data from the medical records of controls demonstrating healthy middle ears (no more than 1 episode of otitis media in the 2 years before or after their LNPR) were required.
After reviewing prior studies in which cephalograms were assessed, 13 lengths and 3 angles were found to be significantly different between healthy controls and children with middle ear disease. Data points for 4 lengths were believed to be too difficult to identify on LNPR, or their definition in the prior literature was unclear, and were therefore excluded.
The excluded measurements were the inferior pharyngeal airway, depth of mastoid air cell system, horizontal length of the eustachian tube, and the auditory tube angle. Two angles that would have been affected by occlusion were also excluded (the facial axis and facial depth), and 5 ratios were substituted. In total, 9 distances, 1 angle, and 5 ratios were included in the final analysis. Tables 1 and 2 provide the definition of the landmarks and measurements assessed.
The figure illustrates measurements obtained from radiographs. Note that gonion to menton (Go-Me) has an "upper" and "lower" value. This is the only landmark that is not midline; therefore, with tilt of the head, there are two values. The average (Go-Meave) was used for analysis, which is consistent with methods used for cephalogram measurements.
All measurements were obtained by a fellowship-trained pediatric radiology attending. Data points that were believed to be too difficult to identify on standard LNPR were excluded. Contrary to patients undergoing cephalograms, those who undergo LNPR are not set into occlusion, and therefore their mouths may be open. For this reason, angles that may be affected by occlusion were excluded from analysis. Instead, several ratios were added to the analysis to identify potential similar relationships.
Statistical methods. Continuous data (age, individual lengths, ratios, and angles) were assessed between groups using the Wilcoxon rank sum test. Using receiver operating curve (ROC) methodology, linear equations were developed using the selected ratios and the patient's age to identify craniofacial relationships correlating to the need for PETs. 
Results
Ninety patients were found to have both PET placement and a LNPR performed. Fifty-eight patients were excluded because their LNPR was not within 6 months of surgery, the indication for PETs was unclear, or the quality of the radiograph was too poor to identify landmarks. Therefore, 32 patients were included in the study group and 34 random age-matched controls were identified (table 3) . The indications for LNPR included evaluation for adenoid hypertrophy (most common), cough, rhinitis, wheezing, croup, rule out foreign body, and epistaxis. Twenty-seven of 32 (84.4%) study patients and 10 of 34 (29.4%) controls underwent adenoidectomy (p = 0.0001). Three patients underwent adenoidectomy prior to LNPR (1 study patient and 2 controls).
Contrary to prior findings, no individual measurements were found to be statistically different between the 2 groups. A trend toward a smaller palatal airway (h-d) was observed in the study group (0.43 cm in controls vs. 0.26 cm in study patients; p = 0.05). This trend is consistent with the finding that more study patients underwent adenoidectomy than controls.
No independent ratios yielded statistically significant differences between groups. Using ROC methodology, however, linear equations were created using age as a factor in the prediction of ETD. This method yielded three equations using ratios and six equations using independent measurements, which demonstrate significant relationships of craniofacial features with acceptable specificity or sensitivity.
Unfortunately, none of the measurements could achieve both acceptable specificity and sensitivity, thereby limiting their use clinically.
Discussion
The findings of this study suggest that patients who require PET placement have a combination of the following characteristics: younger age, a smaller total and posterior cranial base length with a relatively longer mandible, and enlarged adenoids. These findings corroborate the risk factors for ear infections in children, which include younger age, a short and flattened eustachian tube, and adenoid hypertrophy.
In 1991, Maw and colleagues investigated lateral cephalograms in children with otitis media and compared them to age-and sex-matched controls. 18 They assessed 23 distances and 3 angles and, interestingly, all distances were found to be significantly different; they were smaller in the study group than in the control group with the exception of the cranial base angle and the distance between the anterior nasal spine and the upper first permanent molar.
When comparing distances to age, patients in the control group tended to demonstrate more rapid growth than those with OME. Therefore, as the patients aged, the differences between the groups became smaller or even reversed. The authors concluded that the soft tissues and bony structures making up the nasopharynx are smaller in patients with OME.
Di Francesco and colleagues evaluated cephalometric data similar to those evaluated by Maw et al 18 (8 lengths and 11 angles), but included the mandible in their calculations. 13 Similar to the findings of Maw et al, the distances that differed significantly between the 2 groups were shorter in patients with OME compared with controls. However, the lengths of the nasal spine and anterior cranial base were found to be smaller in patients with OME compared with controls without OME in the study by Di Francesco et al, and were not significant in the study by Maw angle, whereas Maw et al found this angle to be greater in study patients, and they found the mandibular length to be smaller in patients with OME compared with controls. These findings are in contrast to our data, which support patients having a smaller cranial base angle, shorter posterior cranial base length, and longer mandibular length relative to the nasal spine length. Kemaloğlu et al compared cephalometric findings in 30 patients with bilateral serous otitis media to agematched controls (mean age: approximately 7 years). 16 They found that the depth of the air-cell system, the length of the bony ET, and the vertical portion of the tensor veli palatini were shorter in study patients than in controls. They found no difference between groups in the auditory tube angle (ATA).
Some of the landmarks evaluated in this study, such as the middle ear point (anterior inferior point of EAC) and the pterygoid (most inferior point of the fissure between the pterygoid plate and the posterior contour of the maxilla) are difficult to identify on LNPR and are lateral structures that are skewed by rotation of the patient's head.
Similar to the focus of the study by Kemaloğlu et al, 16 the ATA and size of the mastoid cavity have received specific attention in other studies. The findings have been controversial and difficult to compare between studies because of differing methodologies. Clearly, the literature analyzing craniofacial morphology in the setting of middle ear disease varies significantly in methodology and results.
Unfortunately, results have differed even among authors using the same imaging modalities. Because facial growth continues through adolescence, and various portions of the face grow at different rates, a large prospective study collecting data from patients with healthy and diseased ears would be ideal. The age of the patients likely has a large effect on study results, and the variation in age range in current studies may be a significant contributing factor to the opposing results.
The sole factor that is constant in all 9 of our equations is age. All equations demonstrated that a younger patient is more likely to have ETD than an older patient with the same craniofacial morphology. The study demonstrates that the relationship of various facial features, as well as age, and not 1 measurement alone, may help to predict ETD.
Contrary to findings in the literature reviewed, in our study, none of the mean individual measurements of craniofacial features reached statistical significance when comparing children who required PETs to children with healthy ears. The linear equations were created in this study to best define the relationship of the measurements and develop objective cutoff criteria. These equations may better aid the clinician in recognizing persistent ETD and serve as part of the clinical algorithm. Although we are aware of the difficulty in translating these equations to clinical application, we hope that future studies can identify and incorporate additional data points and ratios to improve both sensitivity and specificity.
Not surprisingly, patients with middle ear disease were significantly more likely to undergo adenoidectomy than patients with healthy middle ears, as performing adenoidectomy and PET concurrently is common practice. Interestingly, the palatal and nasopharyngeal airway distances alone were not found to be statistically different between the 2 groups of patients. This finding correlates with more recent arguments that the development of biofilms on the adenoids, and not adenoid hypertrophy alone, contributes to middle ear disease. 23 The current study is limited by its retrospective nature and the relatively small number of patients. LNPR is accessible to clinicians, but unlike with cephalograms, rotation and tilt of the head may lead to confusing results, and controlling for rotation and tilt is not possible. A standardized method for assessing rotation in the vertical, horizontal, and anteroposterior planes would be ideal.
This study does not support using LNPR as a routine screening tool in all children. When obtained for other reasons, however, it can be used to garner additional information when trying to determine the need for another set of PETs, the timing of myringoplasty or tympanoplasty, and persistence of ETD. LNPR does subject children to a small dose of radiation; however, this dose is <0.4% of the yearly dose exposure solely from our environment. 24 Even if LNPR were attained purely for the purpose of evaluating for ETD, one could argue that having a better understanding of ETD and potentially avoiding surgery, anesthesia, and a failed myringoplasty or persistent TM perforation would outweigh the negligible risk associated with an LNPR. Ultimately, it would be the parents' decision whether to allow the child to undergo the radiograph used solely as a screening tool.
Conclusions
Contrary to the findings of previous studies, no single measurement was found in our study to identify craniofacial features that may select for children with ETD requiring PETs. However, when we assessed select ratios, our results suggested that younger patients with a smaller cranial base and/or maxilla relative to larger mandibular length are more likely to require PETs, implying persistent ETD. Patients undergoing PET placement were more likely to also require adenoidectomy. The effects of eustachian tube and facial anatomy on middle ear disease remain unclear, and prospective studies are needed.
